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INTEGRATED SEMICONDUCTOR SUBSTRATE 
BEVEL CLEANING APPARATUS AND METHOD 



patent, app^ic; 
herebv mcoro; 
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10 1. Field 
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apparatus and ne:nod for performing bevel 
semiconductor suicst rates . 

2. Inscription o f toe Backarouod 



oeamna or 



20 large scale integration (ULS'I). The multilevel 

interconnects that lie at the heart of this techno 
require plana r i na c i on of interconnect, features fori 
hi.gr. aspect ratio apertures, including contacts, v 



r o g y 
ried in 
Las , 



qua ^ it. y o n o io d o v .o ci uai suc^t rates . 
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processes, 



:h 



p n y sica. 



vapc r deposi toon 



pvv 



ana 



chemical vapor deposicion (CVD), do- not effectively fil. 
structures in which the aspect ratio exceeos 4:1, ana 
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nigh aspect ratios such as 4:1 or nigue. 
the feature widths decrease, the devise 



vidi t ic na 1 iy, as 
rent remains 
. ncr eased 



-rues in 



current density in the tea tore. 

Elemental a suit:: nam ■'Ai* ai 
traditional metals used to for: 

lew electrical resistivity, its superior adhesion t a 
siiicon dioxide f^ily), its ease of patterning, and the 
ability to obtain it in a highly pare form. However, 



aluminum nas 



y- ( => i p ( 



:f vcids in tne conductor. 

loooer and its alloys have lower resistivities than 



_l jru num 



: : l 



d sigruf icantly higher elect r :>migr at i en 



res ist.ar.ee as romp a red 
are important for s ace: 



a lumonum . 



These characteristics 



1 s e v o t 



ard is available in a hrchly pure state. lueretare, copper 



is becoming a choice metal for filling sab-g. 



er micron, 



i see at rat 



_ ia t e r a on n e c " 



oa r e s o io s e m a c 
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features, such as a 4:1, having C" . 3 5 jn (or less; wiae vras 
are limited. As a result of these process limitations, 
elect rot lacing, which had previously been limited to the 
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ly comprises physica 



g e n e r a _ 1. y i-; n c w :o a n d car. b e 
nioues. A typical method 
vapor oepo s i t cng a barrier 



le : 



. 3 1 1 y , 



i;r over the feature surfaces, physi :al vapor depositing 
^noactive metal seed layer, prelerar ly cot per, over the 
haver, and then e 1 ec z rool a t i.ng a conductive metal 
o o fill z n e z : r a c t. r e / feature, 
teoi layers ana; the oiele:: ri : layers are 
plararized, such as by cnemical mechanical pviisrirto PIMP), 
t: :ie fine a conductive interconnect feature. 

For efficient substrate or o cess inor, layers, seen as 



oepper layers, elect r iplatetl onto a 



:ost r. 



m a s t o e 



su:n a 
y i o.: 1 d . 



uostrat' 



■ r o 



;m:j e t r i c i e n c y o y 



; r t . 



o.s in c or obi ems 



s peeling and/or flaking ana 



.lt.in:i in reduced 
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the layer typically contains irregularities, 
irregularities often ~t ^ r ^v-^c,c 

material oeing deposited about tne edoe of the layer, and 
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h -i a h r r current densit y t h an the r ema mo n g area 
of the layer, resulting in a higher rate of deposition of 
e 1 eot roc I a t ed material near the eoge of the substrate. T: 
5 excess material accumulates to form the bevel cf the 



act Go::os present at or near cue eage 
:< after electroplating, causing layer 
.rities about the edge of the substrate, 
furthermore, the metallization near the edge of the 
substrate tends to "t 



Lor.a- iv , c = 
aver may b 



off" one substrate. 
1 cleaning p rotes s ( i . 



a "teve: 



A mo.l t op 1 1= stop i>07': 
cleaner") may be used to remove tone revel. A oevel 
cleaning process involves applying an etcnant to tne ioeve. 
re ^ ion :c> remove tne metal near tne oaostrate svige, i.e., 
tne me t.a 1 1 1 zat 1 on is removed from tne substrate at a 
certain distance from tne substrate edge. The otcnam is 

• obs t ra te t n rou g n r' i n s in g wi t n 



:o removed from 



20 so i vitiq 



t: 1 e . i i 



w n i :: h a s u o s t r a t e m u s t 
suost rate iamaoe and ci 



s o s i s oe r f o rated 
:n a o h i :o e s o e t v; e e n 
; transported increases tne risk of 
. amina t ion . Addi.t i on a 1 ly , the 



.rates reaaires a substantial am j u n t of 
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irateo 



the bevel cleaner eitner v/ith or without edge bead removal 
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:nven- 



atec revel Cleaning 
■ ::.e jbs irate in:o a 



The present Invention provides an integratea 
5 semicc naucoor substrate bevel cleaning system tr.ai enables 
transfer cf substrates tnrougn tne bevel cleaner either 

cleaning apparatus comprising a transfer position, a 
10 rinsing position ana an etching position. The invention 
alsc rrovioes a method for etchirg eie:tropiatec material 
f r om a s a b s t rat e w i t h i 
appaiat , comprisiro' 

transfer oceit ic n wi:ni:t tne integrate:;, bevel cleaning 
15 apparatus, raisin 3 tne s ...bet rate : n :. : a rinse position 
within the integrated bevel cleaning apparatus where a 
rinsing prooess is performed, and raising the substrate 
i nco an e t c n i n p :> s 1 1 1 o n w i. t n i n tne i n t e g r a t e 

period of time, tne sucoo rue is toon lowered 
r i nse poo it ion and rinse:;, tnen tne substrate 
to the transfer positic>n for removal, from the 
The transfer oosi: 



:. the 
returned 
arurus. 



of the a p p e r a t. u s can be 
substrate transfer roc: 
can re re mover a a sabst 



n i s a o s e s s i b 1 e from b :» t n si a e s of t n e 
a surst rate transfer robot on one 



substrate, w n i r e a 
:her side; of the accaratui 
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soindie assemble ^inKaae 10- is 



ccmp rises an ac:ua:or ^t^ :cr v o r t : .: . . . 
assembly linkage 161 as shown be arrow.: 
spindle lift actuate' r 159 may be any tori 
car. vertically move tno spindle assembly 



no 



over at I 



:z soon as a leao 
-11 o r motor, 
and the 1 i oe . 



15 



ITOO 1 ' 



tor -of i .1 1 



o,le aa a oiroiy nr.^aoe . ■: _ i: r ca.s roc ro:a:ior.ai 
f the vaouum couck 114 am; one 
s spirole assembly 112 spins t 

r 1 .: 4 apiri.? tne substrate- at between ^o. arc more 
I rrm. Generally, 7 10 rpm or more- is sufficient 

comprises a transfer area, 
e area, or rinse position 
sit i on 14-1 . Tne spindle 



■ t rate 1 0 6 . As 
ne snbst rate 116. 
o ^ - 



i nt e r i <: 



■ of tne IBC 1 0 



20 a ss emb l.y 112 is us- 



o ran 



Ill wn i 1 



imove on- s uos l La l ioo v e l l. l 
'ooo position. in FIG. 1, tine suost. r=ite 106 
: . o- ; ao too- e t cn p rs: 114, snown in 

.ed at one rinse position 146 and shown in 

r :\ -• . t : n 1 4 r 
in FIG. 1, the transfer 
p o s i t. i. o n 14 6, t. n e r i n s e 
osi to on 14 4, ana the 
by t he spin ie ; 



s under tne r 



-:o- 
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depicted in FIG. 1, and embodiments wherein a sutstrate is 



reason, it. is :o 



:esse r 



r tnis 



s such as "ud" 



1 i <e are r.ct intended to limit one ir.ventior: to 
spec, if ical 1 y aes cr ibed con f i gu ra t i c n , bur rathe 
intended only oo inaicaoe reLaoive position. 
Tne transfer ocsitron 14 3 comprise 



an .inwardly si op 



a substrate 



p laces the 



itroily looaooa position. Tro 



edge 



20 



w h e n r e I e a s e d c y a s u b s t r a t c n a n < 
s ub s t. r a t e 116 in a ; 

sub st rata hanaler uses a substrate holder such a: 
gripper or a va.ouum ohuc<. The substrate is transported m 

:e slit valves 14 ;a f o. The gripper or cruc< releases the 

:.u;:oLrat.o loo is properly aligned to be secured by vacuum 
suouon, or vacuum chucked to tne vaoum cru:k 1 0 4 o f tne 
s p i r. d 1 e a s s emo 1 y 1 o 2 . 

substrate centering hoop 142 may be 
.ost rate sei f 



mie mat ivei v , 



s uos 



i r n - n 



1 > r 



± - 1 ^ ^ 



io to .,rqe the substrate into alignment. Tax 

d for centering a substrate . 
t j- a s t o v e a. v ma o n t a i n the 



ongers may roe us 
n 3 e r s ma v b e u s e 



.rate at a oe n t r a . 



.d^. ^ j 'j . 
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: a ties the arm / jz into ana out 
; actuator 716 can be activated 



t ^ f a rinsing position. 

to move the arm 7 02 in a 



iseo 



3 TO C 



Lieu of a specific a; 



7 1-5 fo. 



the arm 7' 



dispensing arm 7 0)2 can be driven by the same actuator that 
is used to move the e ten ant dispensing arm assembly 109. 
10 As such, as the etchaut dispensing arm assembly 1C9 is 
movea into: and out of position, one rinsing fluid 
u::censinc am aosenriy T ^ is moves O-Uc of and in mo 
oc-sicion, i . e , one two arms move in an inverse 
re ba t ionsh i p . 

15 rinsing fluid such as oeiouized water is provicied to 

external to the I3C liO and fiom.aly connected to too IBC 

20 lira-:, ill ny vaiving (not shown). In the emoo»diment 

sr,-:-wn, the rinsing fluid is provided to the 130 ICO withou" 
bemg heated. However, in other embodiments of tue 
lovention, the rinsing fluid may first be neateri before 



■ best understanding of one et chant dispensing arm 
■embly 100, the reader should simultaneously review 



30 et chant discense 




foregoing subs orate p osici oniric process :a.r be repeated r o 
15 po5-i.ti.cn another substrate in ancther ele::rcr)lacir:g ce_. 



In che illustrative system, two substrates (a suostrace 
p=i:) can be c:oei and processed at che some time. 

V/nen a substrate is fallv olateoi, che sc5:rote is 

20 p i ..; on one ' r u - : r pes ii ic:. of cne 13 0 100. The ISC 
lo j removes che edcre bead arod hoars cne substrate as 
dfs tossed above . -once che substrate is posit lone a in cne 
transfer position, the first, substrate handier 614 enters 
the IB? 10 I 1 ana retrieves the substrate. The substrate may 

Although various embodiments v/hich incorporate the 
teachings of the present invention have been shown and 
described in detail herein, those skilled in the art can 
30 readily devise many other varied embodiments that still 
incorporate these teachings . 



